detectors that have no internal sources of radiation, such as the copper that holds the germanium in the Majorana Demonstrator. In the Enriched Xenon Observatory (EXO) in New Mexico 10 , particles that interact with atoms of liquid xenon in the detector produce both light and electrons. Under the influence of an electric field, the electrons drift towards electrodes, where the magnitude and timing of the signals are studied. The arrival time of electrons reflects the location and number of interactions in the xenon. Particles that scatter multiple times are then rejected.
The KamLAND-Zen experiment in Japan 11 uses xenon dissolved in an organic liquid scintillator -a material that emits light when it absorbs an energetic particle. Interacting particles produce only light, which results in poorer energy and location resolution than that achieved by EXO. However, the detector benefits from low backgrounds, given its position at the centre of about 10 6 kilograms of liquid scintillator. Drastic increases in sensitivity to 0νββ decay have been achieved by both EXO and KamLAND-Zen, but they remain background-limited.
In the current paper, the GERDA Collaboration reports on its Phase II run, in which it uses an additional 25 Broad Energy germanium detectors. Using a technique similar to that of EXO, the authors use an electric field to direct positive charges (holes) produced by inter actions in the germanium to an electrode (Fig. 1) . They also design the detectors and electrodes to maximize the time it takes for holes to travel to the electrodes. This allows the authors to reject backgrounds that scatter multiple times in a detector.
The GERDA Collaboration uses the lack of a signal to calculate that it would take more than 5 × 10 25 years for one-half of a collection of 76 Ge nuclei to undergo 0νββ decay. Its final result is free of background -a remarkable achievement for the field, suggesting that future searches will be highly sensitive to 0νββ decay.
Despite these advances, 0νββ decay remains unobserved, leaving open the question of whether neutrinos are Majorana, and the explanation for the lightness of neutrinos and the matter-dominated Universe. Like GERDA, many experiments are planning more-sensitive searches using cutting-edge technologies. DA N YA K I R T he rate of increase of atmospheric concentrations of carbon dioxide largely reflects the balance between anthropogenic emissions and natural uptake by the biosphere and the oceans 1 . Photo synthesis by land plants accounts for the greatest uptake of CO 2 , but this flux cannot be measured directly, and estimates 2 of the changes in the flux during the twentieth and twenty-first centuries have varied enormously -between +5% and +52%. On page 84, Campbell et al. 3 report that measurements of atmospheric levels of a gas called carbonyl sulfide (COS) can be used as a tracer of global changes in photosynthetic CO 2 uptake. The authors thus provide a much-needed global observational constraint on historical increases in this uptake, which they argue must be at the high end of previous estimates.
Human activities release nearly 10 billion tonnes of carbon into the atmosphere each year 4 . Just less than half of this amount remains in the atmosphere, causing atmospheric CO 2 concentrations to rise. The rest is removed by the land biosphere and the oceans 4 . Evidence suggests 4, 5 that the amount of CO 2 taken up for photosynthesis by land plants -a quantity known as gross primary production (GPP) -has increased during the industrial period.
However, GPP can be estimated only indirectly, either from models or from ecosystem-scale measurements that capture the small difference between the opposing fluxes of photosynthetic uptake and emissions from respiration. GPP estimates based on models differ substantially from those based on data, 3 were able to use records of atmospheric COS concentrations for the past 54,300 years to show that the global rate of CO 2 flux into plants increased greatly during the twentieth century. CO 2 and COS (or its precursors) are also produced in large quantities by human activities, and some CO 2 and COS can be exchanged between the atmosphere and the soil. 3, 6 . Interest in this gas among carbon-cycle researchers grew in 2007 when a paper 6 reported seasonal, cyclic changes in its atmospheric concentrations (decreases in summer and increases in winter), and that these variations are greatly diminished in the Southern Hemisphere. These changes are evidence of the 'breathing' of the land biosphere -they correlate with the seasonality of CO 2 -associated plant photosynthesis and respiration in the land biosphere of the Northern Hemisphere.
It is now generally accepted that the seasonal cycle of COS is intricately linked to that of CO 2 , but that there are key differences 7 ( Fig. 1) . First, the COS cycle reflects COS production predominantly in the surface ocean, and consumption almost exclusively by land plants during -but not as part of -photosynthesis. Second, unlike CO 2 , COS is destroyed in leaves because it undergoes an irreversible hydrolysis reaction, so that COS fluxes reflect the oneway gross flux into leaves. GPP can therefore be calculated from COS measurements using a COS-to-CO 2 'currency converter' 8 . However, such calculations come with caveats, because some aspects of COS dynamics (such as uptake and production of the gas by soil, and its consumption by plants at night) are still topics of research.
To scrutinize the wide range of previous estimates of GPP changes, Campbell et al. used records of past changes in atmospheric COS levels based on measurements of air bubbles trapped in Antarctic ice and firn (snow deposited in past seasons, an intermediate stage between snow and glacial ice), and on atmospheric and satellite data. Their analysis shows that COS levels were stable for most of the 54,300-year record, remaining below 350 p.p.t., but then increased sharply during the industrial period (approximately the past 200 years). Concentrations peaked at about 550 p.p.t. in the late 1980s, then dropped, eventually stabilizing at around 500 p.p.t.
The authors next performed numerical simulations to see whether they could reproduce the observed atmospheric record, using published estimates of all the production and consumption terms that contribute to the atmospheric COS budget. Their analyses indicate that the simulations are most sensitive to the particular ocean and anthropogenic sources of COS used, and to plant consumption of COS. The authors argue that the ocean source would not be expected to have changed markedly during the industrial period, and so anthropogenic emissions and plant consumption must account for most of the observed COS changes in that period. They conclude that a large increase in plant-uptake flux between 1900 and 2013 is required in the simulations to obtain a good agreement with the observed atmospheric COS record for that period, irrespective of the anthropogenic source chosen for the simulations. This increase corresponds to GPP growth of 31 ± 5%, which, in turn, corresponds to some of the highest previously reported estimates of historical GPP growth.
The authors' study provides a badly needed observational constraint on the global growth rate of GPP and pioneers the use of COS in this context. However, the findings are mainly based on the correlation of a complex atmospheric COS record with simplified model simulations. It is therefore clearly not the final word on the topic. In particular, further efforts will be needed to work out the processes under lying the increase in GPP.
Enhancement of photosynthesis during the industrial period has been ascribed to the 'fertilizing' effects of rising atmospheric CO 2 levels 9 and of increased deposition of nitrogen-containing compounds from the atmosphere 10 (associated with emissions from fossil-fuel combustion and intensification of agriculture). Global warming and land-use management 11 are also thought to have had a role. Some of these factors might have been underestimated and will need to be reassessed. Given that changes in atmospheric CO 2 levels are accurately measured and reflect the balance of all fluxes between Earth's surface and the atmosphere, any alterations to estimates of one of those fluxes (such as GPP) will require adjustments to others. Changes in the respiration of the biosphere and ocean processes, for example, might therefore need to be independently addressed.
Many scientists agree that we cannot rely only on CO 2 measurements to unravel the CO 2 cycle. By adding COS to our limited toolbox, Campbell et al. have taken a crucial step forward for those working in this field. The results will inform climate predictions, which currently are unable to determine whether the terrestrial biosphere and its photosynthetic capacity (GPP) will continue to take up more than one-quarter of anthropogenic CO 2 
ver wondered why you hear a distinctive, high-pitched whine right before a mosquito bites at dusk? This is because mosquitoes flap their wings at a rate of nearly 800 beats per second, 4 times faster than many insects of a similar size 1 . Several other aspects of their flight also make them unique. For example, their long, slender wings move through an arc (called the stroke-amplitude arc) of only about 40° between the wing's most anterior and posterior positions. Yet, fruit flies have a stroke amplitude of about 150° (ref. 2) , and even honeybees, known for their smallamplitude wing beat, have a stroke amplitude more than double that of mosquitoes 3 . On page 92, Bomphrey et al. 4 present a closer look at mosquito flight, using state-of-the-art approaches to model air movement around the wing.
How does a wing generate lift? In what is known as an aerofoil, as air moves over a wing, the flow across the wing's upper surface is accelerated more than the air flow under its lower surface because of the shape of the wing and what is termed the angle of attack: the angle above the horizontal at which the wing encounters air passing over its surface. If air moves across the surface of a wing from left to right, the velocity difference between the upper and lower surfaces creates a net clockwise
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The aerodynamics buzz from mosquitoes
Mosquitoes flap their long, thin wings four times faster than similarly sized insects. Imaging and computational analysis of mosquito flight illuminates some aerodynamic mechanisms not seen before in animal flight. See Letter p.92
